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1. Introduction

The objective of this outline is to discuss emerging
rehabilitative approaches used in elite human ath-
letes, provide an overview of the research support-
ing their translational use, and discuss how
their incorporation may apply to the equine
athlete. This review follows in two sections: (A)
nonoperative strategies (for use in athletes in
some level of active competition or training) and
(B) pre- and postoperative strategies (prehabilita-
tion and rehabilitation for the surgical patient
transitioning out of and then back into athletic
workload). Appropriate incorporation of any mo-
dality or therapeutic exercise into a successful
rehabilitation program relies on an accurate
diagnosis. Unfortunately, universal recommen-
dations regarding the timing, frequency, and spe-
cific indications of many of the below-described
modalities are still lacking. As further research
is able to define specific parameters, significant
advancements within the rehabilitation field can
be expected.

2. Translational Nonoperative Strategies

Objectively Assessing Athletic Workload

Accurately determining the balance between appro-
priate training rigors and recovery to strategize the
timing of peak athletic performance while mitigating
risk of injury is an active area of research in human
athletics.1,2 This careful equilibrium not only affects
in-season management, but also subsequent contract
negotiation and television rights in professional
human athletes. Specifically, the distinction
between “overtraining” and “overreaching” has been
investigated in relation to acute fatigue and markers
of decreased performance.1 By definition, “overtrain-
ing” encompasses an accumulation of training result-
ing in long-term decreases in performance capacity
which may take several weeks or months to restore.1
In contrast, “overreaching” refers to an accumulation
of training resulting in short-term decreases in per-
formance, which may take several days to several
weeks to resolve.1 Although the interplay between the
two scenarios remains unclear, it is thought that over-
reaching precedes overtraining in a continuum of
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symptoms. Currently implicated physiologic bio-
markers associated with altered (positive and nega-
tive) exercise performance include muscle oxidative
capacity, hormonal and immune measures such as
neutrophils, glutamine, urea, and testosterone:cortisol
ratios.3 Wearable fitness tracking technology and so-
phisticated motion analysis software systems have
also been developed to aide in early recognition of
physiologic fatigue indicators (heart rate, gait param-
eters, for example) to further guide judicious exercise
prescription. The use of Global Positioning System
(GPS) technology in team sports to assess player posi-
tion, velocity, and movement patterns has become
integrated at the professional level with authors not-
ing an improved ability to regulate training loads for
individual athletes at crucial times of the training sea-
son.4 Incorporation of such technology has even
helped improve detection of signs of injury, fatigue
and overtraining as injury-prediction models have
continued to emerge.4,5 On-body technology, however,
is still considered new and evolving with simultane-
ous incorporation of live motion analysis described as
the future iteration.4

Similarly, objective tracking performance devices to
assess physiologic workload parameters have been
recently developed for use in the equine athlete.6,7 A
recent investigation evaluated a three-axis accelerom-
eter at three anatomic locations to determine accuracy
in detecting step count and threshold acceleration val-
ues for the walk, trot, and canter.6 Although equine-
specific metrics to aide in interpretation of real-time
data acquisition are still largely lacking, technology
incorporation of such sensor use into mainstream clini-
cal practice is expected to broaden preventative efforts
associated with training fatigue.7 Interdisciplinary
integration into equine competition and training strat-
egies would be facilitated by defining inherent individ-
ual variability associated with an equine athlete
falling outside of “its own optimal window,” 7 thus sol-
idifying individualistic approaches to maximize data
interpretation that have been incorporated with
human use. The utilization of validated sensor

systems to record accurate data, followed by determin-
ing the clinical significance of select measured output
in horses will be the key to successful application.

Blood Flow Restriction Training

Low load exercise training with blood flow restriction
(BFR) has become increasingly used by human physi-
cal therapists to prescribe controlled exercise follow-
ing orthopedic injury.8 Through application of a
specialized tourniquet to temporarily reduce blood
flow to an exercising limb (Fig. 1), patients are able to
increase strength and muscular hypertrophy using
only light weights or low-intensity exercise (cycling
or walking).9 In essence, BFR is being used to
increase strength via low intensity training to a level
typically only achieved with mid to high intensity
training. Patients with a variety of physical limita-
tions are able to safely perform BFR to improve muscle
strength while protecting fragile, healing tissue from
excessive loading that occurs during traditional exercise
programs, thus improving physical function.10,11 Blood
flow restriction training is being safely used as a pro-
gressive clinical rehabilitation tool in the process of
return to heavy-load exercise for a variety of human
conditions including knee osteoarthritis, soft tissue inju-
ries and geriatric sarcopenia.10–12 Themost consistently
documented therapeutic benefits of BFR within the
human literature are muscular hypertrophy and subse-
quent increases in strength secondary to elevated levels
of growth hormone (GH).13,14 The metabolic accumula-
tion of GH has been demonstrated to reach supraphy-
siologic levels (290 times that of baseline) during
human BFR training and is thought to be the main ac-
tivator of resultant muscular hypertrophy.13,14 Also
noteworthy is that the use of patient-specific BFR occlu-
sion pressures have become the standard of care in
human practice due to improved comfort and mini-
mized safety risks.15

Although numerous studies have been performed
validating human BFR use with compelling results,
investigations to assess equine-specific application are
considerably sparse.16,17 An initial pilot study

Fig. 1. Blood flow restriction (BFR) therapy applied in A, a human patient during step exercise; B, human patient during side
lunges; C, a human patient during leg presses; D, an equine forelimb in preparation for walking exercise. Blood flow restriction
training is being utilized by human physical therapists to prescribe controlled exercise following orthopedic injury to improve muscu-
lar strength in absence of damaging loads. Its equine applications are of current research interest. Human BFR photos courtesy
of Dr. Brian Noehren. Equine BFR photo courtesy of Dr. Sherry Johnson.
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evaluated cuff application to a single equine forelimb
(n=6) using an occlusion pressure of 200mm Hg
applied only at rest.16 Following three sets of occlu-
sions for five minutes, muscle thickness was
assessed ultrasonographically in addition to peak
flow velocity and flow velocity integral of the radial
artery. Authors noted that extensor and flexor mus-
cle thickness was increased in the occluded limb, but
not the control limb. Authors concluded that acute
vascular occlusion may be safe and tolerable in
horses.16 Subsequently, the same research group con-
firmed that horses would tolerate BFR at a walk
pace.17 Six unfit Standardbred mares performed BFR
of both forelimbs at a walk pace with 200–230 mmHg
cuff pressure once per day, 6days per week for a total
of 2 weeks. Skeletal muscle thickness and tendon
thickness were assessed ultrasonographically and se-
rum growth hormone (GH) concentrations were deter-
mined 5, 15, and 60min following BFR exercise
sessions. Authors confirmed that similar to humans,
BFR use in horses resulted in elevations in GH and
muscular hypertrophy. In contrast to the use of
blanket occlusion methodology in the aforementioned
equine investigations, a recent study describes short-
term beneficial effects of BFR on equine superficial
digital flexor (SDF) muscle oxidative capacity over a
10-day study period using BFR pressures based on
daily readings.18 Specifically, SDF muscle oxidative
capacity increases were consistent with acute meta-
bolic adaptations of increased mitochondrial density
and an improved ability to oxidize fuels.18 Other com-
monly used rehabilitation modalities such as under-
water treadmill and conventional treadmill exercise,
however, have failed to affect SDF muscle metabolic
responses over four- and eight-week time periods,19,20
suggesting that neither modality alone increases mus-
cle oxidative capacity to the same extent as other
forms of resistance training.21

Equine athletes competing with chronic injuries,
recovering from orthopedic procedures and geriatric
horses all represent patients with physiologic limita-
tions to consider when prescribing exercise and
strengthening programs. Blood flow restriction
training may represent a strategy to optimize equine
neuromuscular adaptations during extended recovery
periods, but BFR cuff placement and type of exercise
used thereafter is a significant application difference
between humans and horses (Fig. 1). Despite these
differences, however, BFR may represent a novel,
medication-free bio-solution to consider in the process
of return to heavy-load exercise. Its titrated use
under trained professionals may augment historic
exercise prescription currently limited by the presence
of fragile, healing tissue and the inability to predict
spontaneous overexertion in the horse. Ongoing
investigations are expected that may further refine
recommended use and safe practices for use in horses.

Contrast Therapy

Contrast therapy is defined as the application of alter-
nating cycles of both cold and heat in a repeated

manner with the goal of increasing blood circulation
through cyclic vasoconstriction and vasodilation.22,23
Optimal skin tissue temperatures in humans have
been documented to be 10-15°C for cryotherapy and
38–43°C for heat application.23,24 A significant body of
work exists within human literature investigating the
effects of contrast water therapy on postexercise re-
covery outcomes, with conflicting results.25,26 Re-
cently, when the effectiveness of various methods of
10-minute thermal therapy (cold water immersion at
10°C, thermoneutral water immersion at 24°C and
contrast water therapy alternating at 10° and 38°C)
were compared using physical and mental perform-
ance measures and physiological responses, the self-
perceived feeling of relaxation after 6-min recovery
was significantly better after cold water immersion
and contrast water therapy, leading authors to con-
clude it may play a positive role in athletes’ perform-
ance and overall well-being.2 In contrast, previous
work has not documented improvements in strength
and sprint performance after contrast water therapy
compared to passive recovery alone.25,26 Despite con-
flicting results, contrast therapy is being increasingly
utilized by professional athletes to augment recovery
strategies. Contrast therapy has technically always
been available for use in the equine athlete, but his-
toric focus has largely been on the effects of cryo-
therapy and superficial heating modalities used inde-
pendently, 27–30 and its utility in equine rehabilitation
remains largely unknown.22 Recently, tissue tempera-
tures at different tissue depths relative to the digital
flexor tendons as assessed by thermistor placement
during serial heating and cooling cycles using a
human contrast therapy devicea was found to consis-
tently induce therapeutic cooling (<15°C) and heating
(>40°C) of tissues to the depth of the deep digital
flexor tendon (DDFT).22 Interestingly, target tissues
at the skin were reached within 9.5min when heat
was applied first but required up to 12.5min when
cold was initially applied.22 Also noteworthy is that in
the majority of limbs, tissues deep to the DDFT did
not reach target tissue temperatures during the 15-
min heating or cooling cycles, 22 obviating the limita-
tion to significantly affect the proximal suspensory lig-
ament’s temperate. Authors hypothesized that a
countercurrent temperature mechanism played a role
in the inability to heat or cool tissues deeper than the
DDFT compared to more superficial tissue.22
Application of cold or hot thermal therapy through ice
packs, water immersion, heat packs, heated blankets,
etc. has certainly always been physically available to
the equine clinician but having a commercially avail-
able dry-interface system that can reliably and consis-
tently induce therapeutic tissue changes to a known
tissue depth is certainly of value, with the next logical
investigative step being to evaluate contrast therapy’s
clinical efficacy in injured tissues. Continued efforts
to expand knowledge around contrast therapy’s effica-
cious use can be expected.
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Advances in Compression Technology

Recovery acceleration through the use of various reha-
bilitative strategies including stretching, massage,
compression garments and combinations of the afore-
mentioned are being increasingly used in human ath-
letes to minimize days out of competition and speed
active recovery.31 Accelerating lymph circulation has
been demonstrated to beneficially remove metabolic
products, improve body fluid dynamics, cause changes
in microcirculation and reduce venous blood re-
turn.32–34 Various methods of improving human lym-
phatic flow include the use of mechanical stimulation,
deep oscillation, and physical stimulation35 but
reported methodology is so varied that universal clini-
cal practice guidelines for use in sports medicine and
rehabilitation are lacking.36 Nonetheless, integration
of manual lymphatic drainage techniques along-
side conventional rehabilitation therapies has
become a mainstay of athletic physical therapy
programs. Similarly, lymphatic compression
technology available for use in the equine athlete
includes both full and distal limb systems (Fig.
2). Although the use of compression wrapping
has been in use and well tolerated by horses for
decades, recent noteworthy advances include the
incorporation of full limb, human-grade pneu-
matic compression technologyb with automatic cy-
cling that works to dynamically push lymphatic
fluid retrograde in between cycles. This product
shares the same manufacturer and pump system
as the FDA approved human devicec and is cur-
rently being investigated for the treatment of lym-
phangitis as well as for athletic recovery.d Distal
limb compression wraps using medical-grade ban-
dages custom-fit based on anatomic measure-
mentse also offer the clinician an avenue through
which distal to proximal pressure gradients can be
maintained based on the contour of an individual
horse’s limb. Such systems when combined with con-
trast therapy, appropriate exercise, retrograde mas-
sage and titrated, supervised application have

resulted in significant clinical improvements of chronic
distal limb edema/lymphedema based on serial, cir-
cumferential limb measurements.f With continued
investigation of specific application parameters and
correlation to performance outcome measures, further
recommendations can be expected.37

3. Translational Pre- and Postoperative Strategies

Preoperative Management to Maximize Postoperative
Results (Prehabilitation)

There is considerable interest in determining if the
use of prehabilitation (receiving physical therapy
before a human patient undergoes surgery) results in
better outcomes. By performing rehabilitation before
surgery, the goal is to help the patient be more pre-
pared for the period of postoperative care that is char-
acterized by limited physical activity, immobility, and
reduced function.38 The majority of the research on
the effectiveness of prehabilitation in humans has
centered around anterior cruciate ligament injuries
(ACL) of the knee. Because of the acute nature of
the injury, there is debate as to whether it is bet-
ter to quickly reconstruct the ACL or wait for a pe-
riod of time for the resolution of swelling, limited
knee motion, pain, and muscle strength in-
hibition. Programs to prepare the human athlete
for surgery through a physical therapy program
involve several components. First is aggressive
management of swelling or edema around the
knee. This component of care is considered criti-
cal as swelling results in muscle inhibition, limits
range of motion, and contributes to feelings of
instability. However, the focus cannot entirely
be on reducing swelling as the clinician must also
attempt to maximize recovery by engaging the
patient in exercise that does not exacerbate swel-
ling or significant pain. Careful consideration
of balancing multiple priorities i.e., regaining
strength and range of motion often means having
a patient use a crutch or limit too much other
physical activity. Another aspect of care that is
critical to address before surgery is the incorpora-
tion of exercises that focus on neuromuscular re-
education. This can take the form of using elec-
tric stimulation to help the athlete learn to recruit
and use the muscle again. In addition, the ath-
lete should begin to perform exercises that excite
the neuromuscular system. For ACL reconstruc-
tion rehabilitation, electric stimulation is per-
formed over the quadriceps muscle with the
intensity as high as tolerable for the athlete set to
a Biphasic or Russian stimulation. The pulse du-
ration is usually on order of 250–300 plus micro-
seconds, with a pulse frequency of 50Hz with the
subject performing a 10-s hold during the stimula-
tion followed by 50 s of rest. The typical duration
of this treatment is 10min. The 10-s hold fol-
lowed by 50 s of rest is done to minimize
fatigue. In addition, dynamic neuromuscular

Fig. 2. Two emerging compression technologies consisting of A,
Full-limb pneumatic dynamic compression device to encourage
retrograde movement of lymphatic fluid. Photo courtesy of EQ
Press, Vetletics Morrisville, NC; B, EquiCrown® Canada “FIT”
compression sleeves. Photo courtesy of EquiCrown Canada.
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control can be facilitated by having the patient
work on balance training while standing on an
increasingly unstable surface and/or perturbation
training whereby the athlete is on an unstable
surface with a physical therapist manipulating
the direction and magnitude of pertur-
bation. Lastly, during this period of time the
patient typically engages in open chain strength-
ening of the quadriceps muscle to offset any loss of
strength due to initial inhibition. Patients will
train for three to four sets with a weight that will
result in fatigue (i.e., failure to complete an addi-
tional repetition by the end of the third
set). Typical length of these programs is any-
where from 4weeks or in some cases 10
sessions. Each session takes the physical thera-
pist about 60–90min to complete with the
patient. Several clinical trials and systematic
reviews have been done to investigate the effect of
a prehabilitation program.39–41 Seminal work by
Failla et al. showed that a prehabilitation pro-
gram that included perturbation training resulted
in a greater percentage of athletes returning to
sport and having good patient reported out-
comes.38 In addition, Shaarani et al. incorpo-
rated a 6-wk prehabilitation program and found
increased single leg hop distance, better patient
reported outcomes, and a trend towards a higher
percentage of Type 2 muscle fiber expression at a
12-week postoperative follow up as compared to
subjects without prehabilitation.39 Although
results of these studies are encouraging, recent
results of two systematic reviews indicate more
work is needed to establish the effectiveness of
such programs.40,41 There remains a need for
large well controlled trials to evaluate the poten-
tial benefit of such programs. However, the evi-
dence to date is encouraging that some form of
prehabilitation will better prepare an athlete for
their postoperative recovery. In the equine
athlete, there are many important factors for
prehabilitation that clinicians have started to
consider. Of critical importance, and of relevance to
the psychosocial discussion below, is the importance
of finding the optimal environment for the horse to
thrive and recover in. Prior to surgery, the horse
should ideally be acclimated to prolonged periods of
stall rest as well as any bandages, garments, equip-
ment, and exercises that will be used post-
operatively. For very fit horses accustomed to work-
ing and/or turnout, stall rest can be mentally and
physically challenging to them and dangerous to both
them and their handlers. In some cases, moving the
horse from an active show or competition barn to a
quiet rehabilitation barn with all horses in stalls and
on similar schedules is enough to calm an anxious
horse and prevent the development of stall vices or
dangerous behavior. In other cases, however, the
use of long-term sedatives such as reserpine42 or tra-
zodone43 are needed to facilitate calm stall rest and
controlled exercise. Once the proper environment

has been achieved, there are many ways that prehabi-
litation for the equine athlete can be pursued, similar
to what is being done for human athletes. In the
authors’ opinion, all horses can benefit from mobility,
strength building, and core stability exercises both
during the prehabilitation period and the rehabilita-
tion period. Such exercises are well described,44,45
simple to perform, and have been proven to have an
effect, particularly on increasing the cross-sectional
area of the multifidus muscle.46 In addition, both
active and passive range of motion exercises can be
used preoperatively for certain injuries, to prepare the
horse for rehabilitation, and to try to limit fibrosis
preoperatively. Such exercises may be particu-
larly useful for surgeries of the tendon sheath and
fetlock joint where adhesions and fibrosis com-
monly occur. The use of electrical stimulation in
equine physical therapy for muscle activation and
training is being ex-plored and certainly warrants
further in-vestigation. A recent study examined
the use of a commercially available electrical
stimulation unit FES 310g applied using a back
treatment pad over the sacral region to generate
movement in the lumbosacral region of standing
horses without known pathology.47 The authors
found that although the movement caused by the
electrical stimulation was smaller than that
caused by manual pelvic inclination, its effects
were documented in a wide area including the
muscles of the hind limb. In addition, the
authors state that electrical stimulation could
easily be applied over a longer period and in a
higher frequency than is possible for manual pel-
vic inclination, providing justification for future
studies into its use for stabilizing the sacroiliac
joint and potentially for training of the quadriceps
muscles. Also similar to neuromuscular re-edu-
cation in human athletes is the use of propriocep-
tive retraining techniques in horses. Examples
of such techniques include kinesiotaping,48,49
tactile stimulators,50,51 and more recently equine
balance pads (Fig. 3).h,52

Fig. 3. Balance pad used in horses referred for professional
rehabilitation. A, Bilateral forelimb application while standing
on medium density (purple) Sure Foot balance pads; B, Bilateral
hindlimb application while standing on firm density (green)
Sure Foot balance pads. Photos courtesy of Equine Sports
Medicine & Rehabilitation, Whitesboro, TX 76273.
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The Influence of Psychosocial Factors on Physical Recovery
During Postoperative Care

The role of psychosocial factors is receiving increased
attention for the influence they have on the physical
and patient reported outcomes of human athletes af-
ter injury. Several constructs have been considered,
which include self-efficacy, fear of re-injury, and psy-
chological readiness to return to sport. Prior work
has found that a more positive assessment of self-effi-
cacy,53 a lower fear of re-injury,54 and feelings of
greater psychological readiness to return to sport55
result in higher likelihood of returning to preinjury
levels as well as reduce the risk of second injury.56 In
addition, there is evidence to suggest that lower psy-
chological readiness to return to sport after an ACL
reconstruction resulted in the human athlete having
greater deficits in their running gait in the injured
knee as compared to the uninjured knee.57 In addi-
tion, work from Beischer et al. shows that patients
with higher knee self-efficacy at 4months after sur-
gery had increased odds for symmetrical muscle func-
tion at 1year after surgery.58 Clearly, psychosocial
aspects of recovery are important adjuncts that must
be considered during the recovery from surgery. How
to best help and treat athletes who are not coping well
with their recovery is also an area of active
investigation. For athletes with significant postoper-
ative challenges in coping with the response to injury
referral to a sports psychologist or other mental health
professional is warranted. Many athletes though do
not have access to psychologists or may have an impor-
tant but modest or moderate negative change in
domains such as self-efficacy and fear of re-injury and
not be willing to seek care. Within those cases posi-
tive supportive discussion, goal setting and engaging
the athlete in the rehabilitation process are all poten-
tial adjunct therapies to consider. For example,
engaging the athlete for their input on what is done in
the rehabilitation program on a given day may help
them feel that they have control and an active voice in
their recovery process. Also, careful consideration of
word choice and non-verbal behavior when interacting
with human athletes can communicate a lot of how
the practitioner feels about their recovery that they
then internalize. In regard to the equine athlete, psy-
chosocial factors may be relevant to both the horse
themselves as well as their caretakers, trainers, and
owners. Horses can certainly become “sour” or resist-
ant to training methods, specific movements, or even
pieces of tack that they associate with pain from an
injury. Breaking the pain cycle of an injury is imper-
ative to overcome the negative associations that a
horse has developed. In addition, some horses seem
to require a temporary, or in more severe cases, per-
manent change in training methods or tack for them
to return from an injury and advance in their
career. In the authors’ opinion, pain from the axial
skeleton and especially the back, can be particularly
difficult for equine athletes to overcome in this
regard. Horse caretakers and riders also commonly

have their own fears and other psychosocial
concerns. Helping caretakers and riders by using the
same processes done in human athletes such that the
equine athlete is perceiving that those around them
are showing positive response about how they are
doing is a very interesting area to explore. Although
rider fears may be of themselves getting injured or for
their career, they often also have fears or concerns
that the horse might still be in pain or discomfort,
even if not overtly lame. The Ridden Horse Pain
Ethogram (RHpE) as developed and evaluated by
Dyson et al. may be very useful for such riders and for
veterinarians as well.59–63 In the most recent of the
RHpE comprised of 24 behaviors, a RHpE score of
greater than or equal to 8, meaning eight or more of
the behaviors were displayed, was found to be a good
indicator of musculoskeletal pain.59

Exercise Specificity

The balance between exercises that simulate or recre-
ate the event the human athlete has to engage in ver-
sus targeting the muscle or tissue specifically injured
is an area that continues to be debated within the
physical therapy community. There is clearly a need
for recreating situations that the athlete may experi-
ence and training the individual neuromuscular sys-
tem to respond appropriately. A series of studies by
Hewett and colleagues showed, for example, that by
focusing on neuromuscular training one could alter
movement patterns and reduce risk for subsequent
injury.64–66 Further, work by Noehren et al. shows
the benefits of programs such as gait retraining which
emphasize the benefits of directly addressing the
faulty movement mechanics using real-time visual
feedback to reduce pain in patients with patellofe-
moral pain.67 Although these individual studies are
supportive of programs that focus on improving move-
ment mechanics the studies were not designed to eval-
uate a comprehensive program. Clinical experience
would dictate that without sufficient underlying mus-
cle strength and control, engaging in such gait re-
training programs would be detrimental to re-
covery. It is established, for example, that following
an orthopedic injury such as an ACL tear that regain-
ing quadriceps muscle strength predicts normaliza-
tion of gait, function, self-reported outcomes, return to
play and risk of developing post traumatic osteoar-
thritis.68–74 Consequently, it is critical that as recov-
ery progresses, loads increase to stimulate adequate
muscle hypertrophy. During the early phases of
healing using adjuncts such as blood flow restriction
training as previously discussed may be an excellent
way to slow or reverse muscle atrophy during times
when other tissues such as ligaments need to be pro-
tected to fully heal. In addition, one can have the
athlete use a lighter weight and exercise to the point
of muscle fatigue to help stimulate the muscle. Only
by carefully considering the underlying impairments
and how that contributes to altered movement
mechanics can one help the human athlete return to
their preinjury levels of function. In addition, careful
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attention to movement mechanics as the athlete pro-
gresses in rehabilitation is critical to reduce risk of
reinjury and long-term complications.

4. Conclusion

Novel physiotherapeutic strategies to augment heal-
ing in the equine athlete are evolving, with many
modalities applicable to both humans and horses.
Veterinarians should defer to specific show jurisdiction
guidelines for recommended use in the actively com-
peting equine athlete. Continued collaboration to de-
velop, evaluate, and implement effective translational
approaches will redefine historic paradigms in both
human and equine practice.

Acknowledgments

Declaration of Ethics
The Authors have adhered to the Principles of
Veterinary Medical Ethics of the AVMA.

Conflict of Interest
Dr. Sherry A. Johnson is a co-founder and partner of
Equine Core, Inc (Fort Collins, CO), an entity that is
developing equine-specific blood flow restriction
devices. Dr. Lauren V. Schnabel is a co-founder of
Vetletics Inc. (Morrisville, NC).

References and Footnotes
1. Halson SL, Jeukendrup AE. Does overtraining exist?

An analysis of overreaching and overtraining research.
Sports Med 2004;34:967–981.

2. Ahokas EK, Ihalainen JK, Kyröläinen H, et al. Effects of
water immersion methods on postexercise recovery of physi-
cal and mental performance. J Strength Cond Res
2019;33:1488–1495.

3. Greenham G, Buckley JD, Garrett J, et al. Biomarkers of
physiological response to periods of intensified, non-resist-
ance-based exercise training in well-trained athletes: A
systematic review and meta-analysis. Sports Med
2018;48:2517–2548.

4. Cummins C, Orr R, O’Connor H, et al. Global positioning
system (GPS) and microtechnology sensors in team
sports: A systematic review. Sports Med 2013;43:1025–
1042.

5. Piggot B, Newton M, McGuian M. The relationship between
training load and incidence of injury and illness over a pre-
season at an Australian Football League club. J Aus
Strength Cond 2009;17:4–17.

6. Thompson CJ, Luck LM, Keshwani J, et al. Location on
the body of a wearable accelerometer affects accuracy of
data for identifying equine gaits. J Equine Vet Sci
2018;63:1–7.

7. Egan S, Brama P, McGrath D. Research trends in equine
movement analysis, future opportunities and potential bar-
riers in the digital age: A scoping review from 1978 to 2018.
Equine Vet J 2019;51;813–824.

8. DePhillipo NN, KennedyMI, Aman ZS, et al. The role of blood
flow restriction therapy following knee surgery: Expert opin-
ion. Arthroscopy: J of Arthro Surg 2018;34:2506–2510.

9. Kawada S. What phenomena do occur in blood flow-re-
stricted muscle? Int J KAATSU Ttaining Res 2005;1:37–
44.

10. Yow BG, Tennet DJ, Dowd TC, et al. Blood flow restriction
training after Achilles tendon rupture. J Foot Ankle Surg
2018;57:635–638.

11. Shimizu R, Hotta K, Yamamoto S, et al. Low-intensity re-
sistance training with blood flow restriction improves vascu-
lar endothelial function and peripheral blood circulation in
healthy elderly people. Eur J Appl Physiol 2016;116:749–
757.

12. Tennent D, Hylden C, Johnson A, et al. Blood flow restric-
tion training after knee arthroscopy: A randomized con-
trolled pilot study. Clin J Sport Med 2017;27:245–252.

13. Pierce J, Clark B, Ploutz-Snyder L, et al. Growth hormone
and muscle function responses to skeletal muscle ischemia.
J Appl Physiol 2006;101:1588–1595.

14. Takarada Y, Nakamura Y, Argua S, et al. Rapid increases
in plasma growth hormone after low-intensity resistance
exercise with vascular occlusion. J Appl Physiol 2000;88:61–
65.

15. Patterson SD, Hughes L, Warmington S, et al. Blood flow
restriction exercise: Considerations of methodology, applica-
tion, and safety. F Phys 2019.

16. Abe T, Kearns C, Manso Filho H, et al. Acute vascular occlu-
sion in horses: Effects on skeletal muscle size and blood
flow. Equine Comp Exerc Physiol 2004;1:239–243.

17. Abe T, Kearns C, Manso Filho H, et al. Muscle, tendon and
somatotropin responses to the restriction of muscle blood
flow induced by KAATSU-walk training. Equine Ex Phys
2006;38:345–348.

18. Johnson SA, Chicco AJ, Selberg KT, et al. Short-term effects
of blood flow restriction training on equine skeletal muscle
oxidative capacity. In: Orthop Res Soc Annual Meeting,
Poster Presentation, Feb 12–16, 2021

19. Firshman AM, Borgia LA, Valberg SJ. Effects of training at
a walk on conventional and underwater treadmills on fiber
properties and metabolic responses of superficial digital
flexor and gluteal muscles to high-speed exercise in horses.
Am J Vet Res 2015;76:1058–1065.

20. Borgia LA, Valberg SJ, Essen-Gustavsson B. Differences in
the metabolic properties of gluteus medius and superficial
digital flexor muscles and the effect of water treadmill train-
ing in the horse. Equine Vet J 2010;42:665–670.

21. Gottlieb M, Essen-Gustavsson B, Lindholm A, et al.
Effects of a draft-loaded interval-training program on skele-
tal muscle in the horse. Am Phys Soc 1989;67:570–577.

22. Haussler KK, Wilde SR, Davis MS, et al. Contrast therapy:
Tissue heating and cooling properties within the equine dis-
tal limb. Equine Vet J 2021;53:149–156.

23. Hing WA, White SG, Bouaaphone A, et al. Contrast therapy -
A systematic review. Phys Ther Sport 2008;9:148–161.

24. Cochrane DJ. Alternating hot and cold water immersion for
athlete recovery: A review. Phys Ther Sport 2004;5:26–32.

25. French DN, Thompson KG, Garland SW, et al. The effects of
contrast bathing and compression therapy on muscular per-
formance. Med Sci Sports Exerc 2008;40:1297–1306.

26. Ingram J, Dawson B, Goodman C, et al. Effect of water
immersion methods on post-exercise recovery from simulated
team sport exercise. J Sci Med Sport 2009;12:417–421.

27. Proctor-Brown L, Hicks R, Colmer S, et al. Distal limb path-
ologic conditions in horses treated with sleeve-style digital
cryotherapy (285 cases). Res Vet Sci 2018;121:12–17.

28. Petrov R, MacDonald MH, Tesch AM, et al. Influence of topi-
cally applied cold treatment on core temperature and cell vi-
ability in equine superficial digital flexor tendons. Am J Vet
Res 2003;64:835–844.

29. Marlin DJ, Scott CM, Roberts CA, et al. Post exercise
changes in compartmental body temperature accompanying
intermittent cold water cooling in the hyperthermic horse.
Equine Vet J 1998;30:28–34.

30. Montgomery L, Elliott SB, Adair HS. Muscle and tendon
heating rates with therapeutic ultrasound in horses. Vet
Surg 2013;42:243–249.

31. Barnett A. Using recovery modalities between training ses-
sions in elite athletes: Does it help? Sports Med
2006;36:781–796.

IN-DEPTH: FRONTIERS IN ATHLETIC REHABILITATION

382 2021 / Vol. 67 / AAEP PROCEEDINGS



32. Bringezu G, Hinkelthein E, Schreiner O, et al. Die
Therapieform Manuelle Lymphdrainage. “Lehrbuch der
Entstauungstherapie.” Springer 2014

33. Green DJ, Cheetham C, Mavaddat L, et al. Effect of lower
limb exercise on forearm vascular function: Contribution of
nitric oxide. Am J Physiol 2002;283:899–907.

34. Olszewski WL, Engeset A, Joger PM, et al. Flow and compo-
sition of leg lymph in normal men during venous stasis,
muscular activity and local hyperthermia. Acta Physiol
Scand 1977;99:149–155.

35. Zebrowska A, Trybulski R, Roczniok R, et al. Effect of physi-
cal methods of lymphatic drainage on postexercise recovery
of mixed martial arts athletes. Clin J Sport Med
2019;29:49–56.

36. Vairo GL, Sayers J, Miller NM, et al. Systematic review
of efficacy for manual lymphatic drainage techniques in
sports medicine and rehabilitation: an evidence-based
practice approach. J Man Manip Ther 2009;17:80E–
89E.

37. Fedele C, von Rautenfeld DB. Manual lymph drainage for
equine lymphoedema-treatment strategy and therapist
training. Equine Vet Educ 2010;19:26–31.

38. Failla MJ, Logerstedt DS, Grindem H, et al. Does extended
preoperative rehabilitation influence outcomes 2 years after
ACL reconstruction? A comparative effectiveness study
between the MOON and Delaware-Oslo ACL cohorts. Am J
Sports Med 2016;44:2608–2614.

39. Shaarani SR, O'Hare C, Quinn A, et al. Effect of prehabilita-
tion on the outcome of anterior cruciate ligament recon-
struction. Am J Sports Med 2013;41:2117–2127.

40. Giesche F, Niederer D, Banzer W, et al. Evidence for the
effects of prehabilitation before ACL-reconstruction on
return to sport-related and self-reported knee function: A
systematic review. PLoS One 2020;15:e0240192.

41. Carter HM, Littlewood C, Webster KE, et al. The effective-
ness of preoperative rehabilitation programmes on postoper-
ative outcomes following anterior cruciate ligament (ACL)
reconstruction: A systematic review. BMC Musculoskelet
Disord 2020;21:647.

42. Gilbertie JM, Davis JL, Davidson GS, et al. Oral reserpine
administration in horses results in low plasma concentra-
tions that alter platelet biology. Equine Vet J 2019;51:537–
543.

43. Davis JL, Schirmer J, Medlin E. Pharmacokinetics, pharma-
codynamics and clinical use of trazodone and its active
metabolite m-chlorophenylpiperazine in the horse. J Vet
Pharmacol Ther 2018;41:393–401.

44. Clayton H. Core training and rehabilitation in horses. Vet
Clin North Am Equine Pract 2016;32:49–71.

45. Stubbs NC, Clayton HM. Activate your horse's core:
unmounted exercises for dynamic mobility, strength & bal-
ance. Sport Horse Publications 2008

46. Stubbs NC, Kaiser LJ, Hauptman J, et al. Dynamic mobili-
sation exercises increase cross sectional area of musculus
multifidus. Equine Vet J 2011;43:522–529.

47. Riedler DC, Zsoldos RR, Robel M, et al. Movement caused
by electrical stimulation of the lumbosacral region in stand-
ing horses. J Equine Vet Sci 2020;91:103116.

48. Molle S. Kinesio taping fundamentals for the equine
athlete. Vet Clin North Am Equine Pract 2016;32:103–
113.

49. Ramon T, Prades M, Armengou L, et al. Effects of athletic
taping of the fetlock on distal limb mechanics. Equine Vet J
2010;36:764–768.

50. Clayton HM, White AD, Kaiser LJ, et al. Hindlimb response
to tactile stimulation of the pastern and coronet. Equine Vet
J 2010;42:227–233.

51. Clayton HM, Lavagnino M, Kaiser LJ, et al. Evaluation of
biomechanical effects of four stimulation devices placed on
the hind feet of trotting horses. Am J Vet Res 2011;72:1489–
1495.

52. Ellis KL, King MR. Relationship between postural stability
and paraspinal muscle adaptation in lame horses under-
going rehabilitation. J Equine Vet Sci 2020;91:103108.

53. Ardern CL, Osterberg A, Sonesson S, et al. Satisfaction with
knee function after primary anterior cruciate ligament
reconstruction is associated with self-efficacy, quality of life,
and returning to the preinjury physical activity.
Arthroscopy 2016.

54. Ardern CL, Taylor NF, Feller JA, et al. Fear of re-injury in
people who have returned to sport following anterior cruci-
ate ligament reconstruction surgery. J Sci Med Sport
2012;15:488–495.

55. Ardern CL, Osterberg A, Tagesson S, et al. The impact of
psychological readiness to return to sport and recreational
activities after anterior cruciate ligament reconstruction. Br
J Sports Med 2014;48:1613–1619.

56. McPherson AL, Feller JA, Hewett TE, et al. Psychological
readiness to return to sport is associated with second ante-
rior cruciate ligament injuries. Am J Sports Med
2019;47:857–862.

57. Zarzycki R, Failla M, Capin J, et al. Psychological readiness
to return to sport is associated with knee kinematic asym-
metry during gait following ACL reconstruction. J Orthop
Sports Phys Ther 2018;48:968–921.

58. Beischer S, Hamrin Senorski E, Thomeé C, et al. How is
psychological outcome related to knee function and return
to sport among adolescent athletes after anterior cruciate
ligament reconstruction? Am J Sports Med 2019;47:1567–
1575.

59. Dyson S, Pollard D. Application of a ridden horse pain etho-
gram and its relationship with gait in a convenience sample
of 60 riding horses. Animals 2020;10:1044.

60. Dyson S, Berger J, Ellis AD, et al. Development of an etho-
gram for a pain scoring system in ridden horses and its
application to determine the presence of musculoskeletal
pain. J Vet Behav 2018;23:47–57.

61. Dyson S, Berger J, Ellis A, et al. Behavioural observations
and comparisons of non-lame horses and lame horses before
and after resolution of lameness by diagnostic analgesia. J
Vet Behav 2018;26:64–70.

62. Dyson S, Van Dijk J. Application of a ridden horse ethogram
to video recordings of 21 horses before and after diagnostic
analgesia: Reduction in behaviour scores. Equine Vet Educ
2020;32:104–111.

63. Dyson S, Thomson K, Quiney L, et al. Can veterinarians
reliably apply a whole horse ridden ethogram to differen-
tiate nonlame and lame horses based on live horse
assessment of behaviour? Equine Vet Educ 2020;32:112–
120.

64. Hewett TE, Myer GD. The mechanistic connection between
the trunk, hip, knee, and anterior cruciate ligament injury.
Exerc Sport Sci Rev 2011;39:161–166.

65. Hewett TE, Myer GD, Ford KR. Prevention of anterior cruci-
ate ligament injuries. Curr Womens Health Rep 2001;1:218–
224.

66. Hewett TE, Paterno MV, Myer GD. Strategies for enhancing
proprioception and neuromuscular control of the knee. Clin
Orthop 200276–94.

67. Noehren B, Scholz J, Davis I. The effect of real-time gait
retraining on hip kinematics, pain and function in subjects
with patellofemoral pain syndrome. British Journal of
Sports Medicine 2011;45:691–696.

68. Lepley LK. Deficits in quadriceps strength and patient-oriented
outcomes at return to activity after ACL reconstruction: A
review of the current literature. Sports Health 2015;7:231–
238.

69. Lewek M, Rudolph K, Axe M, et al. The effect of insufficient
quadriceps strength on gait after anterior cruciate ligament
reconstruction. Clin Biomech (Bristol, Avon) 2002;17:56–63.

70. Pietrosimone B, Lepley AS, Harkey MS, et al. Quadriceps
strength predicts self-reported function post-ACL recon-
struction.Med Sci Sports Exerc 2016;48:1671–1677.

71. Palmieri-Smith RM, Lepley LK. Quadriceps strength asym-
metry after anterior cruciate ligament reconstruction alters
knee joint biomechanics and functional performance at time
of return to activity. Am J Sports Med 2015;43:1662–1669.

IN-DEPTH: FRONTIERS IN ATHLETIC REHABILITATION

AAEP PROCEEDINGS / Vol. 67 / 2021 383



72. Roewer BD, Di Stasi SL, Snyder-Mackler L. Quadriceps
strength and weight acceptance strategies continue to
improve two years after anterior cruciate ligament recon-
struction. J Biomech 2011;44:1948–1953.

73. Grindem H, Granan LP, Risberg MA, et al. How does a com-
bined preoperative and postoperative rehabilitation pro-
gramme influence the outcome of ACL reconstruction 2 years
after surgery? A comparison between patients in the
Delaware-Oslo ACL Cohort and the Norwegian National Knee
Ligament Registry. Br J Sports Med 2015;49:385–389.

74. Toole AR, Ithurburn MP, Rauh MJ, et al. Young athletes
cleared for sports participation after anterior cruciate
ligament reconstruction: How many actually meet

recommended return-to-sport criterion cutoffs? J Orthop
Sport Phys 2017;47:825–833.

aVorteq, Cascade Wellness Technologies, Inc., Sunriver, OR
97707.

bEQ Press, Vetletics, Inc., Raleigh, NC 27601.
cLympha Press®, Mago Afek Ltd., Afek, Israel.
dSchnabel LV. Raleigh, NC (personal communication) 2021.
eEquiCrown, Sherwood Park, AB T8B 1C5 Canada.
fJohnson SA, Fort Collins, CO (personal communication) 2021.
gEquiNew, LLC., River Falls, WI 54022.
hSure Foot Equine, Washington, VA 22747.

IN-DEPTH: FRONTIERS IN ATHLETIC REHABILITATION

384 2021 / Vol. 67 / AAEP PROCEEDINGS


